Introduction
The suitable selection and design of molecular components are of paramount importance in determining the properties of molecular devices and to allow rational implementationo ft he mechanisms that govern their functions. [1] [2] [3] [4] [5] [6] This is particularly true when these systemsa re supposed to performaprogrammed task,s uch as, for example, sensing, [7, 8] switching, [9] [10] [11] [12] [13] [14] [15] or nanoscale movementsa si nm olecular machines. [16] [17] [18] Thus, ac entral factor to be considered during the design of new devices is how to connect, either covalently or non-covalently, and organize in space all the necessary molecular subunits, each of which should perform ap redetermined function. [12, 19, 20] In this context, we have demonstrated that calix [6] arene 1 ( Figure 1 ) acts as three-dimensional and heteroditopic wheel that, in low polaritym edia, forms oriented pseudorotaxanes and rotaxanesw ith dialkylviologen salts as axles. [21] [22] [23] Ap eculiar property of 1 is that suitable bipyridinium axles can unidirectionally transit through the calixarene annulus under the action of externals timulation. [24] [25] [26] [27] Owing to the possibility of functionalizing the two chemically different rims, wheel 1 is also attractive as as caffold for the construction of multicomponent speciesbearing covalently linked molecular subunits.
In view of our current interest in the design and synthesis of calix [6] arene prototypes of molecular machines, we envisaged that the incorporation of photoactive units in the calixarene skeleton could lead to the development of new systemst he workingm odes of which can be governed and monitored through aw ider set of control tools. The naphthyl moiety, which is extensively employedi ns upramolecular chemistry because of its rich and well-known photophysical behavior and its molecular recognition properties, [6, 18, [28] [29] [30] appears to be an ideal choice. Herein, we report the synthesis, structural characterization,a nd study of the spectroscopic, photophysical, and electrochemical behavioro ft wo new calix [6] arene wheels decorated with three naphthyl groups anchored either to the upper or lower rim of the phenylureido calix [6] arenep latform. We also describe their ability to form pseudorotaxane comTris-(N-phenylureido)-calix [6] arene derivativesa re heteroditopic non-symmetric molecular hosts that can form pseudorotaxane complexes with 4,4'-bipyridinium-type guests.O wing to the unique structural features and recognition properties of the calix [6] arene wheel, these systems are of interest for the design and synthesis of novel molecular devices and machines. We envisaged that the incorporation of photoactive units in the calixarene skeleton could lead to the development of systems the workingm odes of which can be governed andm onitored by meanso fl ight-activated processes. Here, we report on the synthesis, structuralc haracterization, and spectroscopic, photophysical, and electrochemical investigationo ft wo calix [6] arenew heelsd ecoratedw ith three naphthyl groups anchored to either the upper or lower rim of the phenylureido calixarene platform. We found that the naphthyl units interact mutuallya nd with the calixarene skeleton in ad ifferent fashion in the two compounds,w hich thus exhibit am arkedlyd istinct photophysical behavior.F or both hosts, the inclusion of a4 ,4'-bipyridinium guest activates energy-and/ore lectron-transfer processes that lead to non-trivial luminescence changes. plexes with a4 ,4'-bipyridinium guest andt he consequences of the complexation on their peculiar physicochemical properties.
Results and Discussion

Synthesis and Structural Characterization of the Wheels
To study whether the photophysical properties of the naphthalene unit can be affected by its location within ad efined supramolecular system, we managedt os ynthesize the calix [6] arene-based hosts 7 and 10 ( Figure 1 ), which are characterized by the differentp ositions of the three naphthyl units with respect to the aromatic cavity of the macrocycle. The three bnaphthyloxy groups of 7 are linked to phenolic groups present at the macrocycle lower rim through aC 6a lkyl chain acting as as pacer,w hereas in 10 theseu nits are directly attached to the three urea moieties present on the host upper rim. As suggested by previouss tudies, [21-23, 31, 32] theset wo derivatives present all the structural features necessary to maintain their excellent recognition properties, in low-polarity solvents, towards molecular axles derived from the 1,1'-dialkyl-4,4'-bipyridinium (viologen) unit, namely,1 )a preorganized electron-rich aromatic cavity to stabilizet he dicationic unit of the axle, and 2) ureido groups that, acting as hydrogen-bond donors, can interact with the counter anionsoft he axle.
Calixarene 7 was obtained through ac onvergent synthetic approach( Scheme 1);t he naphthyl-containing alkylating agent 3 was obtained in high yield by reacting 2-naphthol with an excess of 1,6-hexanediol ditosylate (2)i na cetonitrile at reflux. As imilarp rocedure was adopted to functionalize the phenolic groups at the lower rim of the known calix [6] arene 4, [33] to yield 5.The nitro groupsof5 were then quantitatively reduced to amines in methanol at reflux by using hydrazine monohydrate as the reducing agent and Pd/C as the catalyst. The phenylureido moieties were finally introduced on the macrocycle upperr im by reacting 6 with phenyli socyanate in dry dichloromethane to yield 7 with 16 %o verall yield. Calixarene 10 was synthesized in two steps startingf rom the known trinitro calix [6] arene derivative 8 (Scheme 1). [34] The nitro groups were quantitatively reduced by using the same route adopted for 5. The resulting triamino derivative was not isolated but immediately reactedw ith 1-naphthyl isocyanate 9 to obtain 10 in 48 %o verall yield. The 1 HNMR analysiso f7 reveals that this macrocycle adopts,o nt he NMR timescale in solutionso fl ow-polarity solvents such as CDCl 3 ,C D 2 Cl 2 (see the Supporting Information), and [D 6 ]benzene, ap seudo cone conformation in which the three alternate phenolic rings bearingt he phenylureido units define at rigonal prism, whereas the remaining three, bearing the tert-butylg roups, are oriented with their methoxy groups pointingt owardst he centero ft he cavity.T his geometrical arrangementg enerates few diagnostic signals such as the unusual upfield shift (approximately 2.9 ppm) of the resonance of the methoxy groups and the two doubletsa td = 4.4a nd 3.6 ppm ( 2 J = 15.6 Hz), relatedt ot he bridging methylene groups of them acrocycle. [6] arenes-based "wheels" 1, 7,and 10,model compounds 2-MN and 1-NPU,and the viologen-based "axle" DOV 2TsO used in this study. 
Scheme1
Preparation and Structural Characterization of the Pseudorotaxanes
The ability of wheels 7 and 10 to form pseudorotaxanes with 4,4'-bipyridiniuma xles in low-polarity solvents was evaluated by 1 HNMR, UV/Vis, and luminescence spectroscopy (see below). NMR measurements were carried out in [D 6 ]benzene solutionb ym ixingw heel 7 or 10 with am olar excess of dioctylviologen ditosylate (DOV 2TsO). The mixtures weres tirred at room temperature until the color of the solution changed from yellowish to ruby red. The undissolved viologen salt was then removed by filtration,and the resulting homogeneous solution was subjected to NMR analysis (see Figure2 and Supporting Information). According to our previous studies carried out on similar systems, [21, 27, 31] the presence of severald iagnostic signals in the spectra confirmed the formation of a1:1 complex with pseudorotaxane topology.F or example, in the 1 HNMR spectrum of 10'DOV 2TsO (Figure 2b )i tc an be observed that the methoxy groupsr esonate as as harp singlet at d = 3.95 ppm, thus significantly shifted to lower fields (Dd % 1.1 ppm) with respectt ot he same signal in the free wheel (Figure 2c ). The same behavior was observed for the complex containing wheel 7 (see the Supporting Information). These findings suggest that the methoxy groups of both 7 and 10 are no longer affectedb yt he shieldingo ft he aromatic cavity because of the threading of the axle into the macrocycle.A nother symptomatic observation is the large downfields hift (approximately 3ppm) experienced by the protons of the ureido groups (NH) located at the upperr im of the hosts (see Figure 2b) . This shift is consistent with the participation of the ureido groupsi nt he complexation process by binding the counter anions of the axle. Other evidencef or the pseudorotaxane formation wereg athered by monitoring the chemical shift of the signals of the axle (Figure 2a ), in particular those corresponding to the aromatic and NÀCH 2 protons (8), which experience an oticeable upfield shift (up to 2.5 ppm) caused by the strong shielding effect exerted by thea romatic cavity of the calix [6] arene. It is important to note that in both pseudorotaxane complexes, the calix [6] arene hosts maintain their pseudo cone conformation on the NMR timescale. This arrangementi sw itnessed by the presence in the spectra (see Figure 2b and the SupportingI nformation) of the typical AX system of two doubletsr elative to the protons belonging to the hosts methylene bridging units at approximately 4.5 and 3.5 ppm (H ax and H eq in Figure 2b ). The latter is overlapped with other calixarenes resonances, but it can be easily identified through2 DN MR measurements (see the Supporting Information).
Spectroscopic and Photophysical Experiments on Wheel 7a nd its Pseudorotaxane 7'DOV 2TsO
The absorption and luminescence data for the calixareneh ost 7,t he guest DOV,t heir pseudorotaxane complex 7'DOV 2TsO, and the model compounds for the calixarene scaffold (1) and for the naphthalene chromophore (2-methoxynaphthalene, 2-MN)a re reported in Ta ble1.
The UV/Visible absorption spectra of 7 in CH 2 Cl 2 ( Figure 3) show the typical bands of the aromatic systems of the calixarene skeleton in the 240-300 nm region,w hereas the features occurring between 280 and3 40 nm are assigned to p-p*t ransitions of the 2-alkoxynaphthalene units at the macrocycle lower rim. The absorption spectrumo f7 matches well with Table 1 . Absorption and luminescence data for the calixarene host 7,t he guest DOV,t heir pseudorotaxane 7'DOV 2TsO complex, and the model compounds for the chromophoric units (air-equilibrated CH 2 Cl 2 , room temperature).
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[ b] Shoulder on the lower energy side of an intense band.
[c] The lifetimev alue is shorter than the time resolutiono f the equipment. On the other hand, the absorption of 7 is substantially more intense than the sum of its chromophoric components in the 240-280nmregion. As the naphthalene units and the wheel skeleton are electronically insulated by the long alkyl chains,w eh ypothesize that the change in the calixarene absorption bands arises from conformational effects exerted on the diphenylureido units of the wheel by the bulky substituents at the lower rim. In CH 2 Cl 2 at room temperature, compound 7 shows al uminescence band (l max = 350 nm) that is safely assigned to the fluorescenceo ft he alkoxynaphthaleneu nits (Table 1a nd Figure 3 , inset).T he emission quantum yield (F = 0.12) and lifetime (t = 5.0 ns) values are identical within errors to those of the 2-MN model.I nar igid matrix at 77 K, 7 shows both the structured fluorescence( l max = 350 nm) and phosphorescence (l max = 465 nm) bands of the alkoxynaphthalene units (see the Supporting Information). The corrected excitation spectrum [35] of 7 (l em = 350 nm) at room temperature matches with the absorption spectrumo ft he same compound only between 310 and 340 nm, whereas it is significantly weaker in the 230-310 nm region.C onversely,t he excitation spectrum of 7 exhibits ag ood overlap with the absorptions pectrum of 2-MN in the whole spectral region monitored (see the Supporting Information).
This observation indicates that the energy transfer from the excited states located on the calixarene skeleton to the excited singlet level of the pendant naphthalene units is inefficient. Unfortunately,a ne stimation of the residual fluorescencei ntensity arising from the calixarene annulus (l max = 340 nm, Ta ble 1) is preventedb ecause such an emission band is covered by the much more intense naphthalene-type fluorescence( l max = 350 nm). The application of the Fçrster model [36, 37] suggests that the low energy-transfere fficiency is determined by the very poor overlap between the calixarene-type (donor) emission and the naphthalene-type (acceptor) absorption, together with the small quantum yield of the calixarene-type emission. In summary,t he naphthalene units appended at the lower rim of the wheel as in 7 are photophysically independent both of one another and of the calixarene chromophore.
The addition of DOV 2TsO to as olution of 7 causes changes in the UV absorption bands of the molecular components and the appearance of broad absorption features in the 350-600nmr egion (l max = 460 nm, Ta ble 1), arising from charge-transfer (CT) interactions between the p-electron-rich aromatic units of the calixarene and the p-electron-poor 4,4'-bipyridinium moiety of the guest (see the Supporting Information). [23, 24, 26, 27] In the same experiment, the fluorescence band of 7 is quencheda safunctiono ft he amount of DOV 2TsO added (Figure 4) . The absorption and luminescence data collected in the titration experimentsc ould be satisfactorily fitted with a1 :1 binding model, yielding av alue of the association constant log K = 7.0 AE 0.2. These resultsa re consistent with the NMR data and with previouso bservations on relatedc ompounds, [23, 24, 26, 27] and confirm the formation of ap seudorotaxane in which DOV 2TsO is threaded into the cavity of 7 with its bipyridinium unit located close to the aromatic units of the calixarene.
In the light of these observations, it is worth discussing the effect of the DOV 2TsO guest on the photophysics of the calixarene. From the residual emission intensity of 7 at the end of the titration,one can calculate the quenching rate constantaccording to Equation (1):
where t 0 and F 0 are the luminescence lifetimeand quantum yields of 7 in the absence of DOV 2TsO, and F is the luminescenceq uantum yield of the complex. According to the 
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.T he quenching of the naphthalene-type emission of 7 by DOV 2TsO can involve two distinct mechanisms:m echanism i) energy transfer from the singlet excited state localized on an alkoxynaphthalene unit to the lower lying charge-transfer levels as ar esult of the calixarene-bipyridinium interaction, and mechanism ii)electron transfer from the alkoxynaphthalene singlet excited state to the encapsulated bipyridinium unit. Because of the good overlap betweent he naphthalene emission andt he visible chargetransfer absorption and the large luminescence quantum yield of the donor,t he Fçrster radius (i.e. the donor-acceptord istance at which the energy-transfer efficiency is 50 %) is as long as 5.4 nm. Considering that the maximum distance between the naphthalene substituents and the center of the calixarene cavity is 1.5 nm, the energy-transfer process (mechanism i) is expectedt ob every efficient. Moreover,f rom the available excited-state energy and the potentialv alues for oxidation of the donor and reduction of the acceptor( see above), one can estimate that the photoinduced electron transfer (mechanism ii)i s highly exergonic (DG8 < À1.8 eV). [38] To gain more insighti nto the luminescence quenching mechanism, we performed emission experimentsi narigid matrix at 77 K. Undert hese conditions, the solventr eorganization energy is small and highly exergonic electron-transfer processes such as that mentioned above, which may falli nto the Marcus inverted region, can become slow. [37, 39] Both the naphthalene-type fluorescencea nd phosphorescence bands observed for 7 in CH 2 Cl 2 /CHCl 3 1:1a t7 7Kare absent in the spectrum of the 7'DOV 2TsO complex (see the Supporting Information). The occurrence of such as trong quenching in ar igid mediumatlow temperature is consistentwithane nergy transfer from the naphthalenee xcited singlet to the charge-transfer (CT) levels.L aser flash photolysis experiments with ns excitation pulses, carriedo ut in solution at room temperature, revealed no trace of the bipyridinium radical cation,w hich would be ap roduct of the electron-transfer reaction. It cannot be excluded, however,t hat af ast back-electron transfer process prevents the accumulation of the bipyridinium radical cation on the ns timescale.
Spectroscopic and Photophysical Experimentso nWheel 10 and its Pseudorotaxane10'DOV 2TsO
The absorption and luminescenced ata for the calixarene host 10,t he pseudorotaxane 10'DOV 2TsO, and the model chromophoricc ompound for the calixarene (N-1-naphthyl-N'-phenylurea, 1-NPU)a re reported in Ta ble 2. The absorption spectrum of 10 in CH 2 Cl 2 ( Figure 5) shows the bands typical of the naphthyl-phenylureido chromophore in the near UV region. The spectrum is very similar to the sum of the spectra of its chromophoric components (3 1-NPU), which suggests that the interactions between the pendant naphthalene units are negligible in the ground state.
The luminescence band of 10 in CH 2 Cl 2 at room temperature is lessi ntense, much broader,a nd shifted to longer wavelengths in comparison with that of the 1-NPU model (Table 2 and Figure 5 , inset). The excitation spectrum of 10 (l em = 410 nm, see the Supporting Information) is similart oi ts absorptions pectrum. The emission band, however, shows ab iexponentiald ecay with t 1 = 2.8 ns and t 2 = 18 ns. The shorter lifetime is comparable with that of 1-NPU (t = 1.6 ns) and its contribution to the overall decay decreasesa st he monitored emission wavelength is movedt owards the lower energy side ( Figure 5, inset) . Based on these observations and in the light of the structure of 10,i tc an be concluded that its emission has ad ualn ature:ah ighere nergy and shorterl ived component assigned to the individual naphthyl-phenylureido chromophores, and al ower energy and longer lived component attributed to the formation of excimers between the pendant naphthalene moieties. This hypothesis is confirmed by the fact that in rigid matrix at 77 K, in which the formation of excimers is prevented, both the fluorescence( l max = 360 nm) and phosphorescence (l max = 540 nm) bands of 10 coincide with those of 1-NPU (see the SupportingI nformation).
The addition of DOV 2TsO to as olution of 10 causes absorptions pectral changes consistentw ith the formation of a1 :1 complex, as discussed above for host 7.I np articular, aw eak shoulder on the lower energy side of the more intense UV bands, assignedt oc alixarene-bipyridinium CT interactions, 10'DOV 2TsO 450 [b] 200 [b] 360 0.017 1.5 [a] 3.4
[a]
[a] Biexponential decay.
[b] Shoulder on the lowere nergy side of an intense band. (Table 2a nd the Supporting Information). The emission changes of 10 upon titrationw ith DOV 2TsO ( Figure 6 ) consist of ad ecrease in the band intensity accompanied by ac hange in shape;n amely,t he band becomes sharper and itsm aximum exhibits ab lueshift. From the titration curves obtainedf rom absorption and luminescence data and fitted with a1:1 binding model,alower limiting value of the association constantl og K > 7.5 was obtained. Once again, these findings are consistentw ith the NMR resultsa nd confirm that DOV 2TsO is threaded into wheel 10 in ap seudorotaxane fashion.N otably,a tt he end of the titration, the shapeo ft he residual emission band of the calixarene is very similart ot hat of 1-NPU but its decay is still described by ab iexponential function( Ta ble2). As observed for the uncomplexed calixarene 10,t he contribution of the two lifetime components to the overall decay depends on the observation wavelength:t he weighto ft he longer lifetime increases at lower energies. On the basis of the discussionm ade for 10,w ea ssign t 1 (1.5 ns) and t 2 (3.4 ns) to emission from the naphthalene monomer and excimer species, respectively,i nt he complex. Both lifetimes are shortert han the corresponding values measured for 10 ( Table 2 ), indicating that both the excited monomer (singlet) and dimer (excimer) levels are quenched in the presence of DOV 2TsO. The similarity of the luminescence band of the 10'DOV 2TsO complex with that of the 1-NPU model, which arises from as ubstantial disappearance of the contribution from the excimer emission, is consistent with the presence of as pecific quenching pathway involving the excimers. It can also be hypothesized thatt he alkyl tail of the threaded DOV 2TsO guest can hindert he approacho ft wo nearby naphthalene units by increasing the steric crowding at the upper rim of the calixarene, thus discouragingt he formation of excimers. As previously discussed for 7,the emission quenching mechanism of 10 upon complexation with DOV 2TsO can be an energy transfer from the excited naphthyl-type units (monomers or dimers)t ol ower lying charge-transfer states owing to the calixarene-bipyridinium interaction, and/ora ne lectron transfer from the excited naphthalenes to the bipyridinium guest, which is highly exergonic also in the case of 10.I nc ontrast with the resultso btainedf or host 7,t he emissions pectra of the 10'DOV 2TsO complex at 77 Ke xhibit the fluorescence and phosphorescence bands of 10 (see the Supporting Information). Unfortunately,t he luminescence intensities measured in the frozen solventc annotb eq uantitatively compared and on the basis of our data we cannot extend the discussion any further.
Electrochemical Experiments
The association of the calixarenesw ith DOV 2TsO can also be probedb ye lectrochemical techniques. The voltammetric patterns of hosts 7 and 10 in CH 2 Cl 2 exhibit no reduction processes and several chemically irreversible oxidation processesw ith onset at about + 1.1 Vv ersus the saturated calomel electrode (SCE), assigned to the oxidationo ft he naphthalene units and the alkoxybenzene rings of the calixarene skeleton. Because of their irreversible nature,thesep rocessesw ill not be furtherdiscussed. DOV 2TsO shows the typical reversible monoelectronic reductions of the 4,4'-bipyridinium unit (E 1/2 ' = À0.27 V, E 1/2 " = À0.81 Vv ersus SCE, see Figure 7a nd the SupportingI nformation)a nd no oxidation. [40] The inclusion of DOV 2TsO into either 7 or 10 causes al arge negative shift of the first reductionp otential, although the second process occurs at the same potential as for the free guest (see Figure 7a nd the Supporting Information). These results indicatet hat 1) the bipyridinium unit becomes more difficult to reduce because it is stabilized inside the calixarenew heel,a nd 2) the one-electronr eductiono fDOV 2TsO promotes its dethreading from the host, in line with the behavior of several related bipyridiniumcontaining pseudorotaxanes. [23, 25, [41] [42] [43] The large peak-to-peak separation and the scan-rate dependence of the first reduction process of the 7'DOV 2TsO and 10'DOV 2TsO complexes indicatet hat the complexation/decomplexation reactions occur on the voltammetric timescale;t hese aspects have been discussed in detail elsewhere.
[23]
Conclusions
We have reportedt he synthesis, structural characterization, and study of the spectroscopic, photophysical, and electrochemicalb ehavior of two new calix [6] arene wheels 7 and 10 decorated with three naphthyl groupsa nchored either to the upper or lower rim of the phenylureido calix [6] arenep latform. We also describe their ability to form pseudorotaxane complexes with a4 ,4'-bipyridinium guest (DOV 2TsO) and the consequences of the complexation on their peculiar physicochemicalp roperties. In particular, in the case of calixarene 7, the three naphthyl units connected to the lower rim do not interact with each other in the ground or excited states, and do not exchange electronic energy with the calixarene skeleton. The presence of a DOV 2TsO guest inside the wheel,h owever,e nables photoinduced energy and/or electron-transfer processes to occur from the peripheral chromophores to the cavity.T he behavior of calixarene 10,i nw hich the three naphthalenem oieties are linked to the ureidicm oieties at the upper rim, is markedly different. The naphthyl units do not exhibit significant interactions in the ground state but they can form excimer speciesc haracterized by ar edshifted luminescence band and al onger lifetime. The threading of DOV 2TsO into the calixarene can activate energy-and/or electrontransfer pathways that causethe quenching of both the monomeric and, to ar elatively highere xtent, the excimeric naphthyl-type emission of 10.For both calixarenes, the bipyridinium guest can be reversibly dethreaded/rethreaded from the host by reduction/oxidation of DOV 2TsO in ap otentialr egion in which the host is not electroactive, thus providing aw ay to modulate the photophysical properties of the multichromophoric calixarenes by means of electrochemical stimuli. The investigated systems constitute ac ompelling example of the potentialo fc alix [6] arenes for arranging functional molecular units with precise structural control arounda ne fficient three-dimensional host. The resulting multicomponent species are of interest for the constructiono fn ovel molecular devices, machines,a nd motors that can take particular advantage of the topologically and chemically different rims of the calixarene cavity.
Experimental Section
General NMR spectra were recorded by using the residual solvent signal as an internal reference. Melting points are uncorrected. Mass analyses were carried out in the ESI mode. Axle DOV 2TsO, [21] compound 2, [44] calix [6] arenes 1, [34] 4, [33] and 8 [34] were synthesized according to literature procedures. All the other reagents were of reagent grade quality obtained from commercial suppliers and were used without further purification. Deuterated benzene was used as the solvent in most NMR experiments because ab etter resolution of the signals, especially in the low-field portion of the spectra, is afforded. Absorption and luminescence spectra were recorded at room temperature with aP erkinElmer lambda45 spectrophotometer and LS55 spectrofluorometer by using 1cmq uartz cuvettes. Emission spectra at 77 Kw ere obtained from af rozen solution contained in aq uartz tube immersed in aq uartz Dewar filled with liquid nitrogen. Luminescence lifetimes were measured with an Edinburgh Instrument FLS920 time-correlated single-photon counting equipment. Luminescence quantum yields were determined by the optically dilute method by using naphthalene in air-equilibrated cyclohexane (F L = 0.036) as as tandard. [45] Spectroscopic titrations were performed by adding small aliquots (typically 20 mL) of ac oncentrated solution of DOV 2TsO to ad ilute solution of the calixarene. The titration curves were fitted according to a1 :1 association model by using the SPECFIT software. [46] Cyclic voltammetric experiments were carried out at room temperature in Ar-purged dichloromethane with an Autolab30 multipurpose instrument interfaced to aPC. Ag lassy carbon working electrode, aPtwire counter electrode, and an Ag wire pseudoreference electrode were employed;f errocene (E 1/2 =+0.460 Vv ersus SCE) [47] was present as an internal standard. The concentration of the compounds under examination was between 3 10 À4 and 5 10 À4 m;t etrabutylammonium hexafluorophosphate (0.03 to 0.05 m)w as the supporting electrolyte. The potential scan rate was typically varied from 0.02 to 1Vs
À1
.
Synthesis of 6-(Naphthalen-2-yloxy)hexyl tosylate (3)
In a2 50 mL round-bottom flask, K 2 CO 3 (2.9 g, 20.8 mmol) was added to as olution of 2-naphthol (1.5 g, 10.4 mmol) and 1,6-hexanediol ditosylate 2 (13.3 g, 31.2 mmol) in CH 3 CN (100 mL). The resulting heterogeneous reaction mixture was heated at reflux for 36 h. After cooling to room temperature, the solvent was evaporated to dryness under reduced pressure and the sticky residue was taken up with ethyl acetate (100 mL). The resulting organic phase was washed with a1 0% w/v solution of HCl (100 mL) and twice with distilled water (2 100 mL), then dried with anhydrous sodium sulfate and evaporated to dryness under reduced pressure. The oily residue was purified by column chromatography on silica gel (n-hexane/ethyl acetate 7:3) to yield 3.0 go f3 (72 %) as awhite solid. M.p. = 71-72 8C; 
Synthesis of Calix[6]arene (5)
In a1 00 mL sealed glass autoclave, ah eterogeneous mixture of compounds 4 (0.8 g, 0.8 mmol), 3 (1.0 g, 2.5 mmol), and K 2 CO 3 (0.5 g, 3.7 mmol) in CH 3 CN (60 mL) was heated at reflux under vigorous stirring for 72 h. After cooling to room temperature, the solvent was evaporated to dryness under reduced pressure. The solid residue was taken up with ethyl acetate (80 mL) and the resulting organic phase washed with a1 0% w/v solution of HCl (80 mL) and water (2 80 mL). The separated organic phase was dried over anhydrous sodium sulfate, filtered to remove the drying agent, and the solvent evaporated to dryness under reduced pressure. The residue was purified by column chromatography on silica gel Synthesis of Calix [6] arene (6) In a100 mL round-bottom flask kept under anitrogen atmosphere, at ip of spatula of Pd/C catalyst was cautiously added to as uspension of compound 5 (0.40 g, 0.25 mmol) in methanol (50 mL), then hydrazine monohydrate (1.03 g, 20 mmol) was added dropwise. The resulting heterogeneous mixture was heated at reflux for 6h, cooled to room temperature, and then filtered, under an itrogen atmosphere, through aC elite pad to remove the Pd/C catalyst. The filtered solution was evaporated to dryness under reduced pressure to yield 0.38 gof6 (98 %) as awhite solid. Because of its instability to air,c ompound 6 was employed in the following synthetic step without any further purification.
Synthesis of the "Naphtho" Calix [6] arene-based Wheel (7) In a5 0mLr ound-bottom flask kept under an itrogen atmosphere, phenyl isocyanate (0.18 g, 1.44 mmol) was added dropwise to as olution of 6 (0.38 g, 0.24 mmol) in dichloromethane (20 mL). The reaction mixture was stirred for two hours at room temperature, then the solvent was evaporated to dryness under reduced pressure, and the residue was purified by column chromatography on silica gel (hexane/ethyl acetate 65:35) to yield 0. 18 Synthesis of the "Naphtho" Calix [6] arene-based Wheel (10) In a1 00 mL round-bottom flask, under an itrogen atmosphere, at ip of spatula of Pd/C catalyst was cautiously added to as uspension of 8 (0.30 g, 0.25 mmol) and hydrazine monohydrate (1.03 g, 20 mmol) in methanol (50 mL). After refluxing overnight, the reaction mixture was filtered, under an itrogen atmosphere, through aC elite pad to remove the catalyst. The filtered solution was evaporated to dryness and the residue taken up with dichloromethane (25 mL). To the resulting homogeneous solution, a-naphthyl isocyanate 9 (0.23 g, 1.25 mmol) was added dropwise. The reaction mixture was stirred for two hours at room temperature, then the solvent was evaporated to dryness under reduced pressure, and the residue was purified by column chromatography on silica gel (hexane/ethyl acetate 6:4) to yield 0. 23 
